Abstract Women who are structurally vulnerable are at heightened risk for HIV/STIs. Identifying typologies of structural vulnerability that drive HIV/STI risk behavior is critical to understanding the nature of women's risk. Latent class analysis (LCA) was used to classify exotic dancers (n = 117) into subgroups based on response patterns of four vulnerability indicators. Latent class regression models tested whether sex-and drug-related risk behavior differed by vulnerability subgroup. Prevalence of vulnerability indicators varied across housing instability (39%), financial insecurity (39%), limited education (67%), and arrest history (36%). LCA yielded a two-class model solution, with 32% of participants expected to belong to a ''high vulnerability'' subgroup. Dancers in the high vulnerability subgroup were more likely to report sex exchange (OR = 8.1, 95% CI, 1.9-34.4), multiple sex partnerships (OR = 6.4, 95% CI, 1.9-21.5), and illicit drug use (OR = 17.4, 95% CI, 2.5-123.1). Findings underscore the importance of addressing inter-related structural factors contributing to HIV/STI risk.
Background
In the United States, approximately 50,000 individuals are newly infected with HIV each year [1] . An additional 20 million sexually transmitted infections (STIs) occur annually, leading to substantial disease and associated costs to the U.S. healthcare system [2] . Roughly half of annual STIs are among women, who bear a disproportionate burden of the long-term consequences of untreated HIV and STIs, including pelvic inflammatory disease, infertility, and increased risk for certain cancers [2] . New strategies for the targeted control of HIV/STIs are needed, given persistent rates of both HIV and STIs particularly among economically disadvantaged women. A growing body of evidence points to the importance of structural vulnerabilities that predispose women to a heightened risk for HIV and other STIs [3] [4] [5] . Broadly, the concept of vulnerability relates societal contexts to an individual's ability to control health outcomes [6] . Structurally vulnerable women are positioned in society such that they experience a variety of economic, social, gender, and racial discriminations that constrain individual agency for sexual decision-making. As a result of social positioning and restricted sense of agency, structurally vulnerable women are likely to have more exposure to HIV/STI and a lower capacity to protect against infection [3] [4] [5] 7] .
Structural vulnerability can occur as a result of policies and systems that create disadvantage based on a set of characteristics (e.g. race, gender), and the individual lived experience of structural vulnerability often surfaces as an accumulation of multiple social and economic disadvantages [3-5, 7, 8] . Structurally vulnerable women have limited access to resources such as safe and reliable housing, steady and well-paid employment, and affordable, quality education. Often co-occurring, these mutually reinforcing disadvantages can trigger psychological distress, an urgent need for money, and limited opportunities [9] [10] [11] [12] . Women who are highly disadvantaged may be presented with or seek out resources immediately available through existing social or sexual networks, which in certain settings, can introduce HIV/STI related harm. For example, selling sex can provide a source of money when other employment opportunities are limited or unable to meet other needs such as transportation or flexible scheduling [13, 14] . However, the settings in which sex exchange takes place are often characterized by policies, stigma, and discrimination that facilitate unsafe sex and constrain women's ability to protect themselves against infection [15] . Such structural factors are also rooted in experiences of intimate partner violence and drug use, which are ultimately linked to increased harm and fewer protections against HIV/STIs. Women in relationships with limited sexual power or those who experience sexual violence often have a reduced capacity to protect themselves through consistent condom use [4, 16, 17] . Drug use further complicates such contexts of elevated HIV/STI risk by weakening sexual inhibitions and ability to negotiate condom use with sex partners [18, 19] .
However, not all structurally vulnerable women are at heightened risk for HIV/STI, which may be reflective of the intensity at which certain social and economic factors cluster together to synergistically drive drug-and sexrelated risk behavior. Identifying the most powerful combinations of social and economic factors, or typologies of structural vulnerability, that drive HIV/STI risk behavior is critical to uncovering profiles of women who are at greatest risk, and thus most in need of targeted prevention and harm reduction services. Women working in the sex industry originate from a range of social and economic backgrounds, and are likely heterogeneous regarding their experiences of structural vulnerability. These women represent a key population through which subgroups characterizing different types of vulnerability may be identified. In the United States and elsewhere, the nature of the sex industry spans a vast range of services, including pornography, online sex, and exotic dance, resulting in varying levels of occupational HIV/STI risk. Female exotic dancers are one group of women in this industry, with research indicating that they move frequently, have inconsistent income, flow in and out of school, and suffer the consequences of a criminal record [20] [21] [22] . The accumulation of social and economic disadvantage may render women more susceptible to sex-and drug-related harm when exposed to the exotic dance club (EDC) environment.
Exotic dancers are a unique and diverse group of women, and the most influential social and economic drivers of HIV/STI risk in this population remain unclear. Moreover, the degree to which these factors cluster together, and the synergistic effect of this clustering on HIV/STI risk behavior, has not been explored in depth. Research investigating the interconnected nature of social and economic stressors that may lead to HIV/STI risk behavior is limited, and is particularly scarce among women [11, [23] [24] [25] [26] . While a 'syndemic' has been traditionally understood and applied to analyze the complex nature of co-occurring health outcomes, a growing body of evidence indicates that HIV/STI risk is grounded within multiple, overlapping economic and social conditions [11, [23] [24] [25] [26] . Applying syndemic theory to the experience of multiple, mutually-reinforcing socioeconomic structural vulnerabilities may add value to the research needed to better understand this context of risk for structurally vulnerable women.
This paper aims to profile dancers' experiences of structural vulnerability by identifying distinct patterns of co-occurring social and economic disadvantage. Using indicators of structural vulnerability related to housing, finances, education, and arrest, latent class analysis was used to investigate how different indicators cluster together and are associated with drug use and sexual risk behavior. Recognizing the most salient and co-occurring aspects of structural vulnerability is a critical step in identifying women at greatest risk for infection. In addition to guiding targeted HIV/STI programming, this study also has important implications for social policy. The discovery of clusters of modifiable structural drivers of HIV/STI can point to important social and economic issues that if addressed holistically, may reduce HIV/STI transmission across communities most at risk.
Methods

Study Population
Participants were purposively recruited from Baltimore City and County EDCs to a cohort for the STILETTO (Studying the influence of location and environmenttalking through opportunities for safety) Study, investigating the role of the EDC environment on HIV/STI risk. Twenty-two EDCs from which the sample was recruited were classified as high (n = 12) and low (n = 10) HIV risk based on drug and sex risk profiles previously categorized by a risk environment inventory that used data on the social, policy, drug, and economic environments of the 22 EDCs [27] . Eligibility criteria included: C18 years old, danced in exchange for tips for B12 months, and danced C3 times in the past month, to capture dancers who were most recently exposed to the EDC work environment, and on a somewhat routine basis. Following eligibility determination and providing informed consent, participants (n = 117) filled out a 45-min survey using audio computerassisted self-interviewing (ACASI) on a portable tablet. In addition to demographics, drug use, and sexual behavior, surveys collected information about dancers' recent (past six months) circumstances that were hypothesized to reflect important social and economic aspects of structural vulnerability (e.g. housing, finances). Biological specimens were collected at the time of the survey via self-administered vaginal swab, and tested for gonorrhea (GC) and chlamydia (CT) infection. If any test was positive, participants were referred to Baltimore City Health Department clinic specialists for follow-up. Survey data and biological specimens were collected between May and October 2014, in a variety of locations convenient to participants, including private spaces within EDCs, restaurants, and cars. Participants received a $80 pre-paid debit card for their time. The study was approved by Johns Hopkins Bloomberg School of Public Health Institutional Review Board.
Measures
Structural Vulnerability
With a particular focus on social and economic aspects of structural vulnerability, indicators were informed by the literature [3, 7, 8, 11, 12, 23, 25, 26] and recent qualitative research exploring the nature of vulnerability among female exotic dancers in Baltimore. To most closely reflect the effects of social and economic policies and systems on the lived experience of structural vulnerability, the most salient, co-occurring indicators of structural vulnerability were hypothesized to include individual circumstances related to housing, finances, education, and the criminal justice system. A total of four binary observed variables, one specific to each of these domains, were selected to represent a composite latent variable of vulnerability. Housing instability was defined by at least one report of the following experiences in the past six months: homelessness, temporary housing type (e.g. shelter, boarding house), or moving more than twice [28] . Financial insecurity was defined as reporting being in debt and behind on rent and/or having borrowed money for rent in the past 6 months. Limited education (i.e. the extent to which an individual has completed education) was defined as not having graduated high school, received a high school diploma or GED but were not enrolled school, or had some exposure to college but dropped out. Experiences with the criminal justice system were defined by a history of at least one arrest during adulthood.
HIV/STI Risk Behaviors
Sexual risk behavior variables included report of the following in the past six months: inconsistent condom use with any male sex partner (i.e. exchange, casual, main); multiple ([3) male sex partners; high-risk main male sex partner (i.e. partner engaged in injection drug use (IDU) and/or had multiple sex partners overlapping in time); and engaging in sex exchange. Lifetime (ever) exchanging in sex exchange was also assessed. Drug use was defined by any report of illicit use of prescription opioids (e.g. Percocet, OxyContin), heroin, cocaine, or crack use in the past six months.
Demographic Characteristics and Other Covariates of Interest
Demographic variables were age (dichotomized by the median age, 24 years) and race (White vs. non-white). Classifying dancers into two age groups, using the cut point of 24 years, was deemed appropriate considering the disproportionately high STI incidence among young women in Baltimore, as observed in other urban settings throughout the United States [2] . Dancing related variables included overall HIV/STI risk category (high vs. low) of the EDC from which the dancer was recruited, based on the pre-determined risk environment measure [27] . Length of time working as a dancer was examined and dichotomized at the median, four months or less. Women who danced for four months or less were considered to be particularly new to the EDC environment and potentially still adapting to workplace drug-and sexrelated norms, compared to more established dancers. Several psychosocial variables were included as factors potentially associated with structural vulnerability and/or HIV/STI risk behavior among the study sample. Childhood sexual and physical abuse was assessed via two physical violence items adapted from the adverse childhood experiences (ACE) study [29] and sexual violence items from the Conflict Tactics Scale [30] , according to whether women reported having been pushed, grabbed, slapped or hit so hard it left a mark or injury, or reported having been pressured or forced to have sexual contact, before the age of 18. Recent intimate partner violence (IPV) was captured via items adapted from the Conflict Tactics Scale [30] , and defined by any report of being physically hurt (e.g. hit, pushed, choked, beaten up) or forced or pressured to have vaginal or anal sex by a main or casual sex partner in the past 6 months. Health outcomes of interest were self-reported health (excellent or very good) and depression (CESD C 16) [31, 32] .
Analysis
Descriptive statistics for vulnerability indicators, HIV/STI risk behaviors, demographic characteristics, and other covariates of interest were analyzed through examination of distributions, including mean and median for continuous variables (age, number of sex partners), and frequencies for categorical and dichotomous variables. A tetrachoric correlation matrix was estimated to assess the relationships between each pair of indicators, paying careful attention to identifying indicators that could be highly correlated. Because of the multi-level study design that selected dancers from a sample of 22 different EDC environments, we tested for intraclass correlation (ICC) by club for each characteristic. An intercept-only random effects model was used to estimate ICC and determine if there was a need to control for potential clustering observed across characteristics that could be explained by EDC affiliation.
Latent class analysis (LCA) was used to identify and classify women into subgroups, based on their response patterns of the four vulnerability indicators. LCA uses observed indicators to examine different patterns of indicator responses, resulting in unobserved, or latent, classes of individuals. Each class is denoted by conditional probabilities for each indicator to take on a certain response value (e.g. 1 or 0), with the main objective to categorize people into the smallest possible set of distinct and interpretable latent classes [33, 34] . Starting with a one-class model, three models were fit (one, two, and three-classes), and evaluated based on a collection of model fit criteria and interpretability of latent classes. Models beyond three classes did not converge due to the limits of the data, as too many parameters restricted identifiability. The best fitting model was identified according to the Lo-Mendell-Rubin likelihood ratio test, Akaike Information Criteria (AIC) [35] , the sample size-adjusted Bayesian Information Criteria (BIC) [36, 37] , and the bootstrap likelihood ratio test (BLRT) [33, 34] . The smallest relative AIC and BIC values were considered to indicate better fit, along with significant BLRT p-values comparing the less parsimonious model to the larger model (e.g. 2 class model vs. 3 class model) [33] [34] [35] [36] [37] . Entropy was used to assess the extent to which the identified classes were distinct and subjects accurately classified, on range of 0-1, with values above 0.8 indicating good model classification [38] . The final selected model was examined to estimate the probabilities of membership in each class, and the probability of each indicator conditional on class membership.
Using bivariate latent class regression (LCR), we tested whether demographic characteristics, EDC risk environment, history of violence, and health status were different for dancers classified as low vulnerability compared to more structurally vulnerable dancers. STI outcomes were not included in the series of bivariate regression models due to small cell sizes. A second set of bivariate latent class regression models were run to determine whether vulnerability class membership was associated with each of the HIV/STI risk behaviors. To treat risk behavior as a dependent distal variable, and predict class specific distributions of each outcome, we transformed the model using an Excel-based LCA outcome probability calculator [39, 40] . This approach allows for estimates of probabilities for each HIV/STI risk behavior by vulnerability class. Small sample size restricted our ability to run multivariable or stratified latent class regression models. Analyses were performed using R version 3.2.0 [41] , using the poLCA package [42] and MPLUS version 7 [43] .
Results
Descriptive Statistics
Among participants (n = 117), 40% were age 24 years or older, 35% were white, and 68% were working a high-risk club at baseline (Table 1) . Approximately half (48%) reported dancing for four months or less. Experiences of sexual and physical abuse were common, with 44% reporting childhood sexual or physical violence and 31% reporting recent (i.e. in the past six months) IPV. More than one-third (39%) reported recent homelessness, moving more than twice, or sleeping in temporary housing; similarly, 39% had recently borrowed or owed money for rent, and 36% reported a history of arrest. Two-thirds (67%) reported limited education. Intraclass correlation estimates found that the percent variance in each indicator attributed to differences across EDCs was negligible (\0.000), therefore, LCA and LCR models were not grouped by club affiliation.
Frequency of inconsistent condom use in the past six months with any partner was common (68%), but varied depending on partner type: 9% with exchange partners, 19% with casual partners, and 65% among main partners [data not shown]. In the past six months, 25% had more than three sex partners and 24% had a high-risk (e.g. partner concurrency or IDU) male sex partner; 29% reported recent sex exchange, and 41% reported ever engaging in sex exchange. Twenty-eight percent of women reported use of prescription opioids, heroin, cocaine, or crack in the past six months. Approximately half of participants (51%) reported excellent or very good health and 39% reported symptoms of depression. Prevalence of bacterial STI (GC or CT) was 9% (n = 106).
Latent Class Solutions
LCA modeling yielded a two-class model solution, supported by the fit statistics shown in Table 2 . The one-class model did not fit the data statistically significantly better than the two-class model, suggesting that the vulnerability indicators could be more appropriately modeled as related within latent subgroups. Compared to a three-class model, the two-class solution demonstrated the best fit to the observed data, given a lower AIC (612.20) and sample size adjusted BIC (608.61). Non-significant LMR and bootstrap likelihood ratio tests (p = 0.404, 0.250, respectively) also provided evidence against the three-class model as a better fit to the data compared to the more parsimonious two-class solution.
Estimated class prevalence and conditional probability of vulnerability indicators given class membership in the two-class model are presented in Fig. 1 . The response pattern depicted by low probabilities of housing instability, financial insecurity, history of arrest, and moderate probability of limited education, was identified as the first latent class, and considered the ''low vulnerability'' subgroup. In contrast, a second latent class, characterized by high probabilities for both housing instability and financial insecurity, and moderate probabilities for limited education and history of arrest, was identified as the ''high Baseline GC/CT infection (n = 106) 10 9.4
GC gonorrhea, CT chlamydia a Dancer had not graduated high school, received a high school diploma/GED but was not enrolled school, or had some exposure to college but dropped out b Prescription opioids, heroin, cocaine, crack vulnerability'' subgroup. Over two-thirds of the women (68%) were expected to be in the low vulnerability subgroup, and the remaining third (32%) were expected to belong to the high vulnerability subgroup.
Covariates Associated with Vulnerability Class Membership
Several social and health characteristics were associated with latent class membership (Table 3) . Women with recent experiences of IPV and depression were more likely to be classified as highly vulnerable (OR IPV = 13.5, 95% CI, 3.5-52.0, OR depress = 10.4, 95% CI, 2.8-38.9). Age and race were not significantly different across subgroups of vulnerability. However, frequency distributions for dancing at a high-risk club and having a history of child sexual or physical abuse suggested a trend toward differences by class membership although these differences were not statistically significant.
Linking Vulnerability Class Membership to HIV/ STI Risk Behavior
The probability of reporting sexual risk behavior and drug use differed by vulnerability class membership (Fig. 2) . Specifically, women classified in the high vulnerability class were more likely to report recently having multiple sex partners (52 vs. 15%, p = 0.030) and engaging in sex exchange (71 vs. 16%, p = 0.017) compared to women who were expected to be in the low vulnerability class. Women in the high vulnerability class were also more likely to report recently using illicit drugs (e.g. prescription opioids, heroin, cocaine, or crack) (57 vs. 7%, p = 0.035).
Discussion
This study explored how a set of mutually reinforcing social and economic hardships cluster into distinct underlying subgroups of structural vulnerability. Using housing, finance, education, and arrest related hardship as indicators of structural vulnerability, latent class analysis identified a two-class model. Subgroups were differentiated primarily by housing instability and financial insecurity, followed by arrest history and low education. Notably, one-third of women were expected to belong to the high vulnerability subgroup, represented by high probabilities for both housing instability and financial insecurity, and moderate probabilities for low education and history of arrest. Although education was less distinctive across the two Odds ratio compares frequency of given characteristic for dancers expected to be in high vulnerability group vs. low vulnerability subgroup * p \ 0.05 vulnerability groups, it was carefully considered as an important domain of structural vulnerability for inclusion in the model. Not only is access to quality education rooted in the structural contexts in which some women have been limited by economic, gender, or racial discriminations, but opportunities to pursue and complete higher-level training are tightly connected to housing, employment, financial stability, and exposure to the criminal justice system [44, 45] . In addition to a comprehensive set of fit statistics supporting the final two-class model, interpretation was meaningful. Indicators clustered together to form distinct subgroups representing ''high'' and ''low'' vulnerability. While the probabilities of housing instability, financial insecurity, and limited educational attainment were substantial (0.78-0.79) among the high vulnerability subgroup, the probability of having an arrest history was not as high (0.62). Moreover, the probability of reporting limited education was less distinct between the two subgroups compared to the other indicators. Low education was common in the sample; therefore, we would expect to see a higher probability of low vulnerability class membership given low education compared to the other indicators. Additionally, although education was included in the model because of the hypothesis that dancers with low education would also be likely to experience housing, financial, and arrest-related instability, it is plausible that some dancers experienced low levels of vulnerability overall, but struggled to access higher educational opportunities. With a larger sample, we may have seen a distinction between this group and another low vulnerability, high education class, for example. The classification of dancers into two distinct groups based on our current model also provided meaning into our investigation of the degree to which different experiences of vulnerability are associated with drug use and sexual risk behavior. Similar findings are reflected in other research. In a study evaluating the role of accumulated vulnerability among lowincome urban women, investigators identified two groups, classified according to homelessness, incarceration, monthly income, and residential transience [11] . In a separate but related study, latent class models incorporated having a main partner as an additional indicator, generating a latent construct of accumulated vulnerability that revealed two identifiable subgroups [10] .
Latent class analysis not only supported our hypotheses that multiple social and economic indicators of vulnerability are inter-related but also revealed a key group of women most at risk for HIV/STI. Specifically, we classified distinct social and economic profiles of structurally vulnerable women that may be contributing to variations in sex-related risk behavior. Women experiencing an accumulation of social and economic disadvantage at the time of our study were more likely to report recently having multiple sex partners, engaging in sex exchange, and using illicit drugs, compared to women expected to be in the low vulnerability group. Inconsistent condom use was not significantly different across vulnerability groups. This finding is likely due to the grouping of condom use behavior across all sex partners, including casual and trade partners, the majority with whom women reported consistent condom use. Our findings support a continued emphasis on recognizing the multiple layers of contextual factors associated with disparities in HIV/STI, including various social and economic positions (employment, income opportunities, education, gender, race) [46] . Moreover, our results are similar to other studies that have demonstrated how overlapping experiences of social and economic disadvantage can set up a heightened context of risk. German and Latkin found an association between subgroups of social stability and HIV/STI risk among low-income women, using indicators of housing stability, finances, and incarceration [11] . IPV and depression emerged as significant psychosocial factors related to dancers' vulnerability. Women classified into the high vulnerability subgroup were more likely to have experienced recent IPV and report symptoms of depression. These findings are not surprising in light of previously established links to drug use, sexual behavior, and HIV/STI [47] [48] [49] [50] . Future research should explore relationships among IPV, depression, vulnerability, and HIV/STI risk behavior. To carefully address these co-occurring issues, it will be important to elucidate the mechanisms by which experiences of intimate partner violence influence or are influenced by different experiences of vulnerability, including how fluctuations in social and economic disadvantage or chronic disadvantage might be associated. Investigations into how vulnerability is connected to mental health, e.g. depression, may also be informative to identify additional social, economic, and health service needs among this key HIV/STI risk population.
Study findings should be considered in light of some limitations. Small sample size restricted the number of indicators to include in the latent model of vulnerability, in addition to the number of possible classes to evaluate for model fit. As a result, alternative models reflecting different patterns of structural vulnerability may not have been selected. However, the final model was without identifiability issues and allowed for two distinguishable groups. Recent LCA simulations using a sample of 100 subjects to test a 3-class model with five indicators demonstrated good power to predict a correct model and variable classification [33] . Regression analysis was also limited to testing for primarily bivariate associations. Odds ratio estimates were imprecise as indicated by large confidence intervals, particularly for differences in class membership comparing women who did and did not report illicit drug use. A large portion of the women was recruited from high-risk EDCs (68%), which may have resulted in less variability of exposure to sex-and drug-related risk across the sample. However, indicators of vulnerability were not correlated within clubs and vulnerability class membership was not significantly different comparing dancers across high and low risk EDCs. Results demonstrated that social and economic factors are not only connected but function synergistically to amplify exposure to sex-and drug-related risk behavior; however, we did not determine the function by which each of these indicators interact synergistically (e.g. additive, multiplicative). A deeper understanding of these interactions would further inform programs looking to prioritize resources when targeting multiple factors.
Despite limitations, LCA proved a valuable tool for grouping study participants by similar experiences of vulnerability to assess HIV/STI risk. Models highlighted important patterns of social and economic indicators of vulnerability linked to heightened HIV/STI risk in a population, pointing to subgroups at greatest risk and most in need of services. This approach is applicable to HIV/STI programs that seek to improve efficiency of prevention (e.g. risk reduction) and outreach services (e.g. testing, linkage to care and treatment) by targeting groups of people who are at highest risk for infection. In addition to targeted HIV/STI prevention and outreach, structurally vulnerable women, including a considerable portion of female exotic dancers, would also likely benefit from referrals and case management to support safe housing, affordable education and job training programs, and financial management. Programs should consider genderappropriate approaches that are tailored to address issues that present a challenge for women to benefit from these services if available. For example, women are more likely to be responsible for childcare and other caretaking that can limit the time available to pursue education or job training. Among the dancers in this study, more than one-third of women reported having children living at home (data not shown). Evidence from this paper also suggests a need for gender-appropriate integrated psychosocial support services that provide access to mental health care, reduce intimate partner violence, and promote safety for women working within the EDC environment.
Structurally informed policy change is also imperative, as findings underscore the importance of holistically addressing a complex range of co-occurring structural factors contributing to HIV/STI risk. Distinctions in housing and financial instability, limited opportunities for academic achievement, and arrest history highlight an opportunity to improve health through inter-sectoral approaches that address social, economic, and health needs in tandem. The 'Health in All Policies' movement calls for new solutions to address the social determinants of health through revitalized policies and structures that facilitate collaboration across government agencies [51] . This approach requires partnerships across agencies such as those involved in the housing, education, criminal justice, and employment sectors to create public policies that promote equitable access to resources [51] . For example, as demonstrated by the King County Health Department in Seattle, Washington, city leaders can spearhead collaboration across education, criminal justice, and housing sectors to create policies designed to improve educational outcomes for students in low-income communities, or reduce incarceration rates and improve employment options for low-income adults [52] . Future research should continue to evaluate and refine both program and policy changes intended to not only disrupt the pathways between vulnerability and HIV/STI risk behavior but also to optimally address the root causes of structural vulnerability across disadvantaged communities.
